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Field longevity and attractiveness of trimedlure plugs to
male Ceratitis capitata in Florida and Hawaii
David Dean’, Herma Pierre®, Lisa Mosser?®, Rick Kurashima®, and Todd Shelly**

Abstract

Detection of the Mediterranean fruit fly (medfly), Ceratitis capitata (Wiedemann) (Diptera: Tephritidae), relies heavily on traps baited with trimed-
lure, a male-specific attractant. Originally used as a liquid, trimedlure is now dispensed from solid polymeric plugs that reduce volatilization and
increase the effective field longevity of the lure. Many of the previous bioassays that measured trimedlure longevity were conducted in Hawaii and
adopted a simple “50% rule” for trimedlure plug replacement, i.e., trimedlure plugs should be changed out when their attractiveness (trap captures
of male medflies) drops below 50% that observed for fresh trimedlure liquid. The goal of the present study was to assess the field effectiveness of
trimedIlure plugs in Florida and apply standard statistical analyses to the trapping data. Sterile marked male medflies were released in a citrus orchard
with traps containing 3 trimedlure treatments: 2 mL fresh liquid, 2 g fresh plugs, or 2 g plugs aged for intervals of 1, 2, 4, 6, 8, 10, or 12 wk. A single
release of approximately 40,000 males was performed for each of the weathering intervals. Weathered trimedlure plugs were as effective as fresh
lures when aged 6 wk or less, but catch was significantly reduced for plugs weathered 8 or more wk. At 8 to 12 wk, remaining trimedlure content per
plug was < 0.4 g. Ancillary field trials in Hawaii compared male medfly captures in traps baited with fresh 2 or 3 g trimedlure plugs, or 2 or 3 g plugs
weathered for 6, 8, or 10 wk. Two and 3 g plugs weathered for 6 wk were as attractive as fresh lures, but 3 g plugs were more effective than 2 g plugs
at the longer weathering intervals. Results are compared with prior studies, and implications for medfly management strategies are discussed.

Key Words: Tephritidae; Mediterranean fruit fly; medfly detection; fruit fly surveillance; attractant

Resumen

La deteccidn de la mosca de la fruta del Mediterrdneo (moscamed, mosca de la fruta), Ceratitis capitata (Wiedemann), se basa en gran medida en
las trampas cebadas con trimedlure (TML), un atrayente especifico para los machos. Originalmente TML fue utilizado como liquido, pero ahora se
dispensa a partir de tapones sélidos y poliméricos que reducen la volatilizacién y aumentan la vida efectiva del sefiuelo en el campo. Muchos de
los bioensayos previos que midieron la longevidad de TML se realizaron en Hawai y adoptaron una simple “regla del 50%” para el reemplazo de los
tapones TML, asi los tapones TML deberian cambiarse cuando su atractivo (operacionalmente, la captura trampa de moscas macho) caiga por debajo
del 50% que se observo para liquido TML fresco. El objetivo del presente estudio fue evaluar la efectividad en el campo de los tapones TML en la
Florida y aplicar los analisis estadisticos estandar a los datos de captura. Se liberaron moscas macho estériles marcadas en un huerto de citricos con
trampas que contenian tres tratamientos de TML: 2 ml de liquido fresco, 2 g de tapones frescos o 2 g de tapones de intervalos de 1, 2, 4, 6, 8, 10 o
12 semanas de edad. Se realizé una liberacién de aproximadamente 40,000 machos para cada uno de los intervalos de intemperismo. Los tapones
TML degradados fueron tan efectivos como los sefiuelos frescos cuando tenian 6 semanas o menos, pero la captura se redujo significativamente para
los tapones de 8 0 mds semanas. A las 8-12 semanas, el contenido restante de TML por tapén fue <0,4 g. Las pruebas de campo complementarias en
Hawai compararon las capturas de los machos de la moscamed en trampas cebadas con tapones TML frescos de 2 0 3 g con taponesde203gde6, 8
0 10 semanas de edad. Los tapones de 2y 3 g de 6 semanas de edad fueron tan atractivos como los sefiuelos frescos, pero los tapones de 3 g fueron
mas efectivos que los tapones de 2 g a los intervalos de intemperismo mas largos. Los resultados se comparan con estudios previos y se discuten las
implicaciones para las estrategias de manejo de la moscamed.

Palabras Clave: Tephritidae; mosca mediterranea de la fruta; deteccién de moscamed; vigilancia de mosca de la fruta; atrayente

The Mediterranean fruit fly (medfly), Ceratitis capitata (Wiede-
mann) (Diptera: Tephritidae), is a notorious worldwide pest of fruits
and vegetables, with females known to oviposit in more than 300 host
plant species (Liquido et al. 1990). Detection and control of medfly re-
ly heavily on traps baited with the male-specific attractant trimedlure
(Tan et al. 2014). TrimedIlure is a synthetic blend of 8 isomers of the
tert-butyl esters of 4- and 5-chloro-2-methylcyclohexanecarboxylic ac-
ids and was identified as a more powerful attractant than its precursor,
medlure (Beroza et al. 1961). Trimedlure has been used in large-scale

trapping programs since the 1960s and initially was applied in liquid
form to cotton wicks placed inside traps (Burditt 1975; Nakagawa et
al. 1979).

Although fairly attractive, liquid trimedlure has high volatility and
thus relatively short field longevity as an effective lure. Rice et al.
(1984) and King & Landolt (1984) reported that cotton wicks contain-
ing 2 mL liquid trimedlure lost their attractiveness within 2 to 4 wk.
Various studies (e.g., Leonhardt et al. 1984; Dominguez-Ruiz et al.
2008) documented the direct relationship between temperature and
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trimedlure release rate, and Leonhardt et al. (1987) found that cotton
wicks with 2 mL liquid trimedlure were attractive for 10 wk under cool
temperatures (daily maxima: 6—24 °C) but for only 2 wk under warmer
conditions (daily maxima: 28-43 °C). The high volatility of trimedlure
posed an operational problem, because short longevity necessitated
frequent replacement, and accompanying high labor and lure costs
(Leonhardt et al. 1987).

Two approaches were pursued to balance the evaporative rate of
trimedlure with its attractiveness in the field. One involved the de-
velopment and testing of additives (termed extenders) to reduce the
volatility of trimedlure. Capilure is the most commonly used trimed-
lure plus extender blend, and has proven effective in certain instances
(Hill 1987; Nakagawa et al. 1981; Rice et al. 1984). However, Baker et
al. (1988) found that, while capilure retained its attractiveness longer
than trimedlure, it was less attractive during the first 8 wk of deploy-
ment (see also Shelly 2013).

The second approach, and the one followed by most medfly detec-
tion programs worldwide, entailed the development of solid trimed-
lure dispensers as an alternative to the use of liquid trimedlure. Various
types of dispensers have been investigated (Rice et al. 1984; Leon-
hardt et al. 1984, 1987; Warthen et al. 1997, Dominguez-Ruiz et al.
2008), but a polymeric plug containing 2 g trimedlure, shown to have
equivalent attractiveness but greater longevity than liquid trimedlure
(Leonhardt et al. 1987, 1989), is currently the most commonly used
dispenser (FAO/IAEA 2013). Leonhardt et al. (1989) suggested change-
out when captures of male medflies with aged plugs dropped below
50% of captures with 2 mL fresh trimedlure on cotton wicks. In 3 field
assays conducted in Hawaii, capture with 2 g plugs fell below this 50%
threshold at 10, 8, and 14 wk, respectively. With data collection occur-
ring biweekly and focus on the shortest interval (8 wk), a replacement
interval of 6 wk was conservatively adopted, and is still followed, in
medfly surveillance programs in the US (IPRFFSP 2006).

In addition to medfly, surveillance programs also use male lures
to monitor the occurrence of other economically important fruit flies,
especially in the genus Bactrocera (Diptera: Tephritidae) (IPRFFSP
2006). With the recent development of long-lasting solid dispensers
for male Bactrocera lures (Vargas et al. 2012; Shelly et al. 2012) and
ever-increasing budgetary restrictions, there is interest in re-assessing
the field longevity of trimedlure plugs to determine whether their re-
placement interval might be extended to 10 wk or beyond. The pres-
ent study addressed this issue in 2 separate field experiments. First,
in a Florida citrus orchard, captures of released male medflies in traps
baited with 2 g trimedlure plugs (weathered for up to 12 wk) were
compared with captures in traps baited with fresh 2 mL liquid trimed-
lure on a wick or fresh 2 g trimedlure plugs. Amount and release rate of
trimedlure were measured over time to examine the relationship be-
tween these parameters and lure attractiveness. In the second study,
conducted in a Hawaiian coffee field, we compared captures of wild
male medflies in traps baited with fresh 2 or 3 g trimedIlure plugs with
captures in traps baited with 2 or 3 g plugs weathered for 6 to 10 wk.
The adoption of the 2 g polymeric plug in our study followed that of an
earlier evaluation of 2 mL liquid trimedlure on a cotton wick (specific
gravity of trimedlure approximately 1.0; Leonhardt et al. 1989). Previ-
ously, Leonhardt et al. (1989) had tested 4 g plugs of trimedlure and
found that traps baited with these larger plugs captured > 50% as many
medflies compared with 2 mL fresh trimedlure on a cotton wick for at
least 12 wk. Despite this prolonged effectiveness, and counter to the
expectation of Leonhardt et al. (1989), the 4 g plugs were not adopted
as the standard dispenser. However, given the apparent potential to
increase replacement intervals, we here assessed the effective field
longevity of 3 g trimedlure plugs that may be easier to incorporate into
current trapping protocol than the larger 4 g plugs.
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Materials and Methods

STUDY SITE-I

Field trapping of released medflies was conducted in a citrus (Citrus
sinensis (L.) Osbeck) (Rutaceae) orchard in Duette, Florida, USA (eleva-
tion 24 masl), during Jun to Aug 2016. Within the 20 ha orchard, rows
of trees were separated by 4 m, and trees within a row were 8 m apart.
Average daily temperatures varied between 26.1 to 31.7 °C during
the study period. Local rain showers were common and often intense
(about 2.5 cm per d).

Sterile male medflies were shipped as pupae from the USDA
Medfly Production Facility, El Pino, Guatemala, to the USDA Sterile
Insect Release Facility, Sarasota, Florida, USA, for emergence and
release. Flies were derived from a genetic sexing strain in which a
temperature sensitive lethal(tsl) mutation allows for selective culling
of female embryos (via thermal shock) and exclusive production of
males (Caceres 2002). Following standard protocol (FAO/IAEA 2007),
pupae were coated before irradiation and shipment with a fluores-
cent dye (neon red, DayGlo Corporation, Cleveland, Ohio, USA). Upon
adult emergence, dye particles are retained on the face and under
the wings and visible with a dissecting microscope under ultraviolet
(black) light. Pupae and newly emerged males were maintained in
Worley Eclosion Towers and provided sugar agar blocks for food and
water (FAO/IAEA 2007). Flies were held at 25 to 27 °C, 50 to 80% RH,
and a 12:12 (L:D) photoperiod.

TRAPS, TRIMEDLURE LURES, AND AGING PROTOCOL

Flies were captured using Jackson traps (Scentry Biologicals, Inc.,
Billings, Montana, USA) (FAO/IAEA 2013) that were white ‘delta’ traps
made of thick waxed paper (12.7 cm L x 9.5 cm W x 8.4 cm H). A re-
movable insert (also supplied by Scentry Biologicals, Inc.), made of
the same waxed paper as the trap body and coated with an adhesive,
was placed on the bottom of the trap to catch insects. Traps were sus-
pended from tree branches using a metal hangar with a straight rod
positioned under the roof along the apex of the trap. In the trap, the
lure was held in a perforated plastic basket suspended above the sticky
insert from the metal hangar.

Three trimedlure treatments were compared during each trapping
period: fresh (i.e., not weathered) liquid, fresh 2 g plugs, and weath-
ered 2 g plugs (all lures supplied by Farma Tech Intl. Corp., North Bend,
Washington, USA). The liquid was applied at a dose of 5 mL per cotton
wick following the protocol of the Division of Plant Industry, Florida De-
partment of Agriculture and Consumer Services, Gainesville, Florida,
USA. For weathering, plugs were placed in Jackson traps, which were
kept outdoors beneath a tree canopy in Palmetto, Florida, USA, under
similar climatic conditions as the Duette orchard. Sets of 12 trimedlure
plugs were weathered for intervals of 1, 2, 4, 6, 8, 10, and 12 wk, re-
spectively, prior to testing. As described below, 1 release of sterile male
medflies and 1 subsequent trapping period were conducted for each of
these 7 weathering intervals.

TRAPPING PROTOCOL

Sterile males (7 to 9 d old) were released 1 d prior to trap place-
ment to allow adequate time for dispersal throughout the area. For
release, flies were chilled (4 °C for 1 to 2 h) as part of the routine pro-
cedure for aerial release. Immobilized flies then were weighed collec-
tively and divided equally into 6 screen cages (30 cm cubes) (BioQuip
Products, Inc., Rancho Dominguez Hills, California, USA) for recovery
and transport to the field. Sugar agar blocks and water-soaked cotton
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wicks were supplied in each cage. In the field, cages were suspended
1to 3 m above ground from tree branches to avoid ant predation and
left open to allow flies to exit freely. Releases were made at 6 trees
located in 2 parallel rows (3 release trees per row) near the center of
the orchard and evenly spaced to facilitate uniform dispersal. Based
on standard quality control estimates (FAO/IAEA 2013) of fly weight
and flight ability, approximately 40,000 flight-capable males were re-
leased per test. All releases were made between 7:00 AM and 10:00
AM.

A total of 36 traps were operated following each release (n = 7
releases, 1 for each weathering interval), i.e., 12 traps each for the 3
trimedlure treatments. Traps within each orchard were arranged in a
grid of 10 rows with 3 to 4 traps per row separated by 25 to 50 m. The
same trap sites were used for all releases, and treatments were rotated
1 position between successive releases. Traps were suspended from
tree branches in shaded locations approximately 2 m above ground
and placed in the field between 7:00 AM and 10:00 AM, then collected
24 h later. Sticky inserts were examined for male medflies in the labo-
ratory.

Captures of male medflies were compared among the 3 treatments
for individual weathering intervals using 1-way ANOVA, as raw data or
log,, transformed data met the parametric assumptions of normality
and equal variances in all cases. Where significant variation was de-
tected, the Holm-Sidak test was used to identify pair wise differences.

TRIMEDLURE CONTENT OF DISPENSERS

Following each release, and subsequent trapping period, random
subsamples of 6 lures from each treatment were collected for analysis
of trimedlure content. Lures were immediately placed in sealed plastic
bags and express mailed overnight to the Agricultural Quarantine In-
spection (AQl) chemistry laboratory in Miami, Florida, USA, where the
samples were stored at 20 °C until analysis.

To extract trimedlure, plugs and wicks were placed in 100 mL of tet-
rahydrofuran then shaken for 4 h at low speed on a mechanical shaker.
A 2 mL aliquot of each sample then was transferred to a 100 mL volu-
metric flask, spiked with 1 mL of the internal standard tetradecane, and
filled to the mark with hexane. A 2 mL aliquot was transferred to a GC
vial and analyzed using an Agilent 6890 gas chromatograph equipped
with a flame ionization detector. The column used was a 30.0 m x 0.32
mm x 0.25um film thickness HP-5 (Agilent Technologies, Santa Clara,
California, USA) fused-silica capillary column. Injector and detector
temperatures were 200 °C and 300 °C, respectively. Oven temperature
was held at 50 °C for 30 s, raised to 100 °C at 25 °C per min and held for
1 min, then raised to 220 °C at 10 °C per min and held for 3 min. Car-
rier gas (helium) flow rate was 1.0 mL per min. The internal standard
method was used to quantify trimedlure.

STUDY SITE-II

Field trapping of wild medflies was conducted in a coffee (Coffea
arabica L.) (Rubiaceae) field 10 km southeast of Haleiwa, Oahu, Hawaii,
during three separate intervals in 2016 (May, Aug, and Oct to Nov).
The field covers approximately 65 ha of a north-facing slope (elevation
90-100 masl). Rows, and plants within rows, were separated by 3 m.
During trapping, average daily temperatures varied between 25.0 to
26.7 °C, and rainfall was slight (< 2 cm total rain per period). No fly
releases were performed at this study site.

TRAPS, TRIMEDLURE LURES, AND AGING PROTOCOL

As in Florida, Jackson traps were used to capture medflies in Ha-
waii. Four trimedlure treatments were compared during each trapping
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period using: fresh and weathered 2 and 3 g trimedlure plugs (Farma
Tech Intl. Corp., North Bend, Washington, USA). The 3 g trimedlure
plugs were larger than the standard 2 g plugs but fit within the per-
forated basket inside the trap. For weathering, plugs were placed in
Jackson traps on a shaded, outdoor porch at our laboratory in Halawa,
Oahu, Hawaii, under similar conditions as the coffee field. Sets of 15
trimedlure plugs were weathered for intervals of 8 or 10 wk for the first
(May) trapping period and 6, 8, or 10 wk for the other periods (Aug and
Oct to Nov, respectively).

TRAPPING PROTOCOL

During the 3 sampling periods, 15 traps were operated for each
of the 4 trimedlure treatments (i.e., 60 traps total). Traps were ran-
domly assigned positions in a 10 x 6 grid, and were separated by 25
m within and between rows. The same trap sites were used over the
entire study. As in Florida, traps were suspended from branches in
shaded locations 1 to 2 m above ground. For all test periods, traps
were placed in the field between 8:00 AM and 9:00 AM then removed
48 h later.

Captures of wild male medflies were compared among the 4 treat-
ments for individual weathering intervals using the Kruskal-Wallis test,
because, in most cases, neither raw nor transformed data met the
parametric assumptions of normality and equal variances. Where sig-
nificant variation was detected, the Student-Newman-Keuls test was
used to identify pair wise differences (P < 0.05).

TRIMEDLURE CONTENT OF DISPENSERS

After field trapping for the 10-wk weathering interval, random
samples (n = 5) of fresh and weathered 2 and 3 g plugs were im-
mediately wrapped individually in aluminum foil, placed in sealed
plastic bags, and stored in a freezer until express mailed to the
aforementioned AQI laboratory in Miami, Florida, USA. Thus, for
each replicate, 20 plugs (5 plugs for each of the 4 treatments) were
analyzed for trimedlure content following the same protocol de-
scribed earlier.

Results

CAPTURES OF STERILE MALE MEDFLIES

Most likely reflecting variation in environmental conditions and the
vigor of the released flies in the Florida study, captures of sterile med-
flies varied greatly among the different trapping intervals. Summed
over all 3 trimedlure treatments, the total number of captures ranged
between 250 (8 wk) and 1,486 (10 wk) over the 7 trapping periods,
with an average of 899 males, or 2.2% of males released, captured per
period.

There was no significant variation detected in trap captures
among the 3 lure treatments for the 1, 2, 4, or 6 wk weathering
intervals (Fig. 1 — associated F, ,, and P values: wk 1: F = 0.24, P =
0.78; wk 2: F=0.93, P=0.40; wk 4: F=2.40,P=0.11; wk 6: F=1.27,
P = 0.29). However, significant differences were detected in the 8,
10, and 12 wk weathering intervals (Fig. 1 — associated F, ,, and P
values: wk 8: F =4.43, P =0.02; wk 10: F = 3.57, P = 0.04; wk 12:
F =5.81, P =0.01). In each of these wk, similar numbers of males
were captured in traps containing fresh liquid trimedlure on wicks
or fresh trimedlure plugs. Both treatments captured significantly
more males than the weathered trimedlure plugs. Trimedlure plugs
weathered for 8, 10, or 12 wk captured, on average, 30 to 40% as
many males as fresh treatments.
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Fig. 1. Captures of released, sterile male medflies in a Florida orchard in Jackson traps baited with fresh liquid trimedlure on cotton wicks (5 mL; L-F), fresh trimed-
lure plugs (2 g; P-F), or weathered trimedlure plugs (2 g, P-W), with weathering durations given on the x-axis. Bar heights represent means (+ SE); n =12 in all cases.
For weeks designated ns, there was no significant variation in captures among the 3 treatments. For weeks with significant variation overall, bars marked with the

same letter were not significantly different (P = 0.05, Holm-Sidak test).

TRIMEDLURE CONTENT AND RELEASE RATE

Fresh liquid trimedlure wicks, in Florida, contained an average of 4.3
to 4.6 g of material during the study, with the exception of wk 1 where an
average of 5.3 g of trimedlure was present per wick. This value most like-
ly reflected an error in the amount of trimedlure (i.e., > 5 mL) initially ap-
plied to 1 or more of the wicks. The average trimedlure content of fresh
plugs was relatively constant over the different weathering intervals and
varied only between 1.9 to 2.1 g per plug. For weathered plugs, trimed-
lure content declined rapidly over the first 4 wk then relatively slowly
thereafter (Fig. 2). As noted above, relative to the fresh lures, medfly
captures were significantly lower in traps baited with plugs weathered
for 8, 10, or 12 wk, whereas trimedlure content was < 0.4 g over these
intervals. Release rates ranged between 2 to 4 mg per h during the first
4 wk of weathering and were 1 to 2 mg per h over wk 6 to 12 (Fig. 2).

CAPTURES OF WILD MALE MEDFLIES

In the Hawaii study, no significant differences among the 4 treat-
ments occurred for 2 of the 3 replicates from the 6-wk weathering tri-
als (Fig. 3). All replicates of the 8-wk weathering assays and 2 replicates
of the 2 g aged plugs captured significantly fewer males compared with
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traps with fresh plugs or traps with 3 g aged plugs. At 8 wk, the aged 3
g plugs were as effective as fresh 2 or 3 g plugs in 2 of the 3 replicates.
For 10-wk weathering assays, traps containing fresh plugs captured sig-
nificantly more medflies than aged plugs in all 3 replicates. However, as
in the 8-wk tests, the 3 g aged plugs were significantly more attractive
than the 2 g aged plugs in 2 of the 3 replicates.

TRIMEDLURE CONTENT AND RELEASE RATE

Pooling the Hawaii data across the 3 replicates, we found that 2 g
trimedlure plugs aged for 10 wk retained an average of 0.34 g of trimed-
lure, representing an average loss of 83% of the original content (mea-
sured as 1.96 g and not 2.0 g; Table 1). In comparison, the 3 g trimedlure
plugs contained an average of 0.59 g of trimedlure, representing an aver-
age loss of 82% of the original content (measured as 3.19 gand not 3.0 g;
Table 1). Thus, after 10 wk of weathering, 3 g plugs contained an average
of 75% more trimedlure than 2 g plugs. This difference was presumably
responsible for the significantly higher fly captures observed for 3 g plugs
after 10 wk of weathering. Trimedlure release rates were not calculated
for these data given the extended time interval (10 wk) between mea-
surements of fresh and weathered plugs.
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Fig. 2. (A) Amount of trimedlure in 2 g plug as a function of duration of weath-
ering interval during Florida summer, and (B) calculated release rates of trimed-
lure for different weathering intervals. Mean values (+ SE) are given; n = 6 in
all cases.

Discussion

Trapping data from Florida and Hawaii showed a similar effect of
weathering on the attractiveness of 2 g trimedlure plugs to C. capitata
males. At both locations, 2 g trimedlure plugs weathered up to 6 wk
resulted in trap captures similar to those observed for fresh trimedlure
baits but when weathered for > 8 wk were always (Florida) or usually
(Hawaii) less effective than fresh trimedlure baits. Thus, data from both
locations reinforce and support the presently used servicing interval of
6 wk for 2 g trimedlure plugs.

Based on the Florida study, the trimedlure content in 2 g plugs at 6
wk of age was approximately 0.4 g, which was identified as an amount
below which C. capitata males showed significantly reduced attraction.
This threshold is very similar to that reported by Leonhardt et al. (1989)
who suggested replacement of 2 g trimedlure plugs when captures
dropped below 50% of those observed for fresh trimedlure liquid. This
relative decline in capture effectiveness was observed when residual
trimedlure content in 2 g plugs was 0.5 g (Leonhardt et al. 1987),0.4 g
(Leonhardt et al. 1989), and 0.35 g (Warthen et al. 1999). In addition,
and consistent with earlier studies, our data show that the trimedlure
content (and corresponding release rate) of plugs did not decrease
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Fig. 3. Captures of wild male medflies in Hawaii coffee field in Jackson traps
baited with fresh 2 or 3 g trimedlure plugs or weathered 2 or 3 g trimedlure
plugs, with weathering durations (in wk) given on the x-axis. Bar heights repre-
sent medians; n = 15 in all cases. For wk designated ns, there was no significant
variation in captures among the 4 treatments. For wk with significant variation
overall, bars marked with the same letter were not significantly different (P =
0.05, Student-Newman-Keuls test).

uniformly over time but declined most rapidly soon after deployment,
then gradually over longer weathering intervals. In the present study,
trimedlure content decreased 34% (1-1.32 g per 2.0 g) after the first
week of weathering, but to only 13% (1-0.41 g per 0.47 g) between wk
4 and 6. For example, Warthen et al. (1999) reported a similar pattern
with trimedlure content in 2 g plugs decreasing about 50% after 1 wk
of aging and about 20% between wk 4 and 6. It should be noted that
the present study and those of Warthen et al. (1999) were conducted
under similar temperature regimes, because the loss rate of trimedlure
from polymeric plugs is directly related to ambient temperature (Leon-
hardt et al. 1989; Dominguez-Ruiz et al. 2008).

Aside from the use of extenders, whose effectiveness in field tests
has been inconsistent (Baker et al. 1988; Shelly 2013), a possible solution
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Table 1. Measurements of trimedlure content for fresh and 10-wk weathered
trimedlure plugs for the 3 trapping periods in Hawaii and their associated re-
lease rates. Presumed values refer to the categorization of plugs as containing
either 2 or 3 g trimedlure. Actual values represent means (+ SE); n = 5. Calcu-
lated release rates were based on mean values.

Presumed trimedlure Weathering Actual trimedlure

Replicate content, fresh (g) status content (g)
1 2 Fresh 1.74 (0.02)
3 10 weeks 0.36 (0.02)

Fresh 3.29 (0.02)

10 weeks 0.67 (002)

2 2 Fresh 2.18 (003)
3 10 weeks 0.29 (0.01)

Fresh 3.11 (0.08)

10 weeks 0.51(0.02)

3 2 Fresh 1.97 (0.02)
3 10 weeks 0.38(0.01)

Fresh 3.17 (0.04)

10 weeks 0.60 (0.01)

to increasing field longevity of trimedlure polymeric plugs is to use plugs
containing greater amounts of trimedlure. Leonhardt et al. (1989) tested
4 g trimedlure plugs and found they performed well up to 12 wk. Here,
we assessed 3 g trimedlure plugs because they are only slightly larger
than the standard 2 g plugs and fit in the perforated baskets currently
used with Jackson traps. The results were encouraging. After 8 wk of
weathering, traps baited with 3 g plugs captured (i) as many medflies as
traps baited with fresh 2 or 3 g plugs in 2 of 3 replicates, and (ii) signifi-
cantly more medflies compared with traps baited with 8-wk-old 2 g plugs
in 2 of 3 replicates. After 10 wk of weathering, traps baited with 3 g plugs
did not perform as well as fresh plugs but had significantly higher fly
captures than traps baited with 10-wk-old 2 g plugs in 2 of 3 replicates.

While the use of 3 g trimedlure plugs would apparently allow exten-
sion of the trap servicing interval to 8 wk, increasing this interval to 10
wk is even more desirable as this would permit synchronization of lure
replacement for male-specific traps targeting a variety of other major
pest taxa, i.e., Ceratitis, Bactrocera spp., and Zeugodacus spp. (Diptera:
Tephritidae). Shelly et al. (2017) weathered solid lures containing methyl
eugenol or cue-lure in Florida and Arizona, and tested their field effec-
tiveness in Hawaii. Wafers containing methyl eugenol were weathered
up to 10 wk resulted in similar numbers of captured male Bactrocera
dorsalis (Hendel) (Diptera: Tephritidae) as fresh methyl eugenol (pre-
sented as a liquid or in wafers). Plugs containing cue-lure weathered for
as long as 20 wk generated similar numbers of captures of male Zeu-
godacus cucurbitae (Coquillett) (Diptera: Tephritidae) as fresh cue-lure
(presented as a liquid or in plugs). Thus, increasing the servicing interval
of trimedlure-baited traps to 10 wk would synchronize replacement of
trimedlure and methyl eugenol in the traps; cue-lure could be changed
every 10 wk as well to maintain uniformity in the trap servicing schedule
or every other 10 wk to further reduce costs of labor and materials.

Thus, in practical terms, the question becomes: what trimedlure de-
livery protocol could be adopted that (i) assures an effective field life of 10
wk, and (i) is usable in Jackson traps (the trap type deployed by large-scale
detection programs in the USA) (IPRFFSP 2006). One approach involves
deployment of plugs containing 4 g (or more) of trimedlure, although lure
dispensers might necessitate use of larger baskets than those currently in
use. An alternative suggestion is to replace plug dispensers (and associ-
ated baskets) entirely with larger wafers capable of holding larger amounts
of trimedlure. Such wafers may be capable of holding as much as 5 g of
trimedlure (P. Cook, personal communication), and field tests of this dis-
penser are planned in Hawaii. If effective, costs associated with adopting
a new trimedlure dispenser and holder may be offset by cost reductions
generated via reduced frequency of trap servicing.
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